The validity of potential flow analogy by the Hele-Shaw flow of non-Newtonian fluids is examined through experiments using two shear-thinning elastic polymer solutions for three different flow configurations, i.e. flows around a circular cylinder and a square cylinder and flows through an abruptly converging-diverging channel (slit). Although the polymer solutions are highly shear-thinning and elastic, their flows well reproduce the corresponding twodimensional potential flow patterns of the respective flow configurations when the flow rate is very low. The deviation occurs at values of Reynolds number much lower than the critical value for inertia effect, and in the opposite way of the inertia effect. An analysis for inelastic non-Newtonian fluids shows that non-constant viscosity does not affect the potential flow analogy, and the potential flow patterns are observed at flows with considerable values of the first normal stress difference in shear flow. Therefore, the disturbance to the potential flow pattern is not due to the non-Newtonian viscosity or the elasticity in shear flow, but attributed to the elongational stress due to the elasticity of the polymer solutions.
INTRODUCTION
The Hele-Shaw cell is a channel between two transparent parallel plates with a small separation. When a plate of an arbitrary configuration is inserted between the two plates so that it completely fills the gap, the resulting pattern of streamlines well reproduces that in the two-dimensional potential flow with the same boundary geometry, provided that the fluid is Newtonian and the inertia force is negligible.
1), 2)
The validity of this potential flow analogy using Newtonian fluid is fully verified and the Hele-Shaw apparatus has been used exclusively for instruction purpose in fluid mechanics education. 3) Recently, flows of non-Newtonian fluids through parallel plates has become of practical importance and research works are carried out on non-Newtonian fluid flows in a small gap between parallel plates, such as flows associated with the polymer film processing and liquid crystal products. Table I shows the values of power-law constants of the two solutions. In Fig.2 , values of the first normal stress difference When the flow rate is still increased, a vortex similar to the lip vortex observed in the slit entry flow 11) forms at each front edge. These vortices grow with increasing flow rate and coalesce to form a considerably large convex bubble on the front surface as shown in Fig.7 (a). It should be noted that the streamlines attach to the rear surface approaching to the stagnation point closer than those in Fig.4(a) .
OBSERVED FLOW PATTERNS
When the flow rate is increased, the behaviour of the flow pattern of PAA/W-solution in the slit flow is also very different from that of water. A pair of lip vortices is formed at both sides of the slit entrance, while the streamlines remain attached to the wall at the downstream section. The lip vortices grow with increasing flow rate and a funnel shaped inflow region is formed as seen in Fig.8(a) . In contrast, the flow of water passing through the slit forms a jet-like pattern due to inertia effect when the Re is higher as seen in Fig.8 slit. This behaviour of the PAA-solutions is quite opposite to that caused by the inertia effect observed in water flows.
Another remarkable feature in the PAA-solution flows is that the dye streaks remain definite even when the potential pattern is disturbed, while they are blurred in the case of water flow affected by inertia force. Since the streaks at the lowest flow rates keep definite contour to the downstream end of the cell, the molecular diffusion effect is negligible for all the test fluids. Hence, the blurred or diffused streaks at higher flow rates are caused by difference in the streamlines on planes with different x 3 -values. Therefore, the dye streaks with definite contour suggest that streamlines of PAA-solutions on planes with different x 3 -values well coincide each other even when the potential flow pattern is disturbed.
Critical values for the potential flow pattern
The onset of deviation from the potential streamlines is most 
DISCUSSION

Effect of inertia force
For the Hele-Shaw flow of Newtonian fluids, it is known that the inertia force effect is negligible when Re<<1. 1) In Table II 
Effect of non-Newtonian viscosity
The critical values of γ
• w for the potential flow analogy by the PAA-solutions estimated from data in Table III are well in the shear-thinning region in Fig.2 for all the configurations. It Table II Critical values for onset of disturbance of water flow. 
, ( , which leads to p = p(x 1 , x 2 ). streamlines on arbitrary x 3 planes also give the potential flow analogy since Eqs. (4-a, b) give that .
In consequence, it is confirmed that the shear-thinning viscosity is not the cause of the disturbance for the potential flow pattern.
Effect of elasticity
From Table III, 
CONCLUSIONS
